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Remarks on e Hadley 8 Pn tend 


: oz principally to remove the Difficults 8 


ich have hitherto attended the L 2 of: tte 


* Bach- obhſer vation, and 10 obviate the , 


Errors that might ariſe from a Want 


' of Patalleliſm in the two Surfaces of 


the Index-Glaſs. By N evil ann 
F. K. . e — oo 

777% J quadrant; being founded on the 
ſame oringinles, and in theory, equally perfect with 
the fore-obſervation, and being at the fame time 


neceſſary to extend the uſe of the inſtrument up to 
180 degrees (it being impracticable to meaſure angles 


with any convenience beyond 120 degrees with the 
fore-obſervation) it may ſeem ſurprizing that it hath 


not been brought equally into general uſe, more e- 


ſpecially ſince the method of finding the longitude 5 


by obſervations of the Moon, has Dos practiſed at 


ſea for ſome years paſt ; ſince this method would re- 


ceive conſiderable advantage from the uſe of the 
back- obſervation in taking diſtances; of the Sun and 

| Man between the firſt and laſt quarter, could ſuch 
: | A 


4 


H E wah 3 with Hadley 8 4 : 


obſer- | 


__ 
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obſervations be as much depended upon as the fore 
obſervations. - The cauſes of this ſeem to have been 
principally theſe two, the difficulty of adjuſting the 
ck horizon glaſs, and the want of a method of 

directing the fight parallel to the plane of the qua- 

ant: The back hefigon gläſs, like che fore-one, 
2 two adjuſtments: the fitſt, or common. one, 
diſpoſes it at right angles to the index laſs, when 
the inden ſtands at (o) upon the arch; which is uſu- 
ally performed by ſetting (o) af the index of the arch 
ef. che quadraptby deuhle the: dip of the horizon of 
the ſea, and then holding the quadrant vertical with 
_ the arch downwards, and turning the back-horizon 
| gals about, by means of its lever or perpetual ferew, 
till the reflected. back horizon appbars to coincide 
with the fore-horizon ſeen directiy. But this ope- 
ration is fo difficult in practice with the back- horizon 
glaſs wholly ſilvered, except a ſmall tranſparent flit 
in the middle, as it has been uſually made, that few (if 
any) 33 have ever received proper ſatisfaction 
from it. H the back-horizon-glaſs eee, 
every reſpect Hke the fore chorgohꝗglaſs (which it 
ought —— — ffi cred, and 
a teleſcope was applied to it, perhaps this adjuſtment 
might be rendered ſomewhat cafier and more exact; 
but it could not even thus be made ſo exact as the 
aqcuſtment of the fore -orizon- glaſs may, by making 


glaſs, in the common conſtruction of the quadrant, 
is ſtill more troubleſome, ſince it cannot be exe- 
outed without ſetting the index 9o degrees off 
1 | 3 5 IS - g el 


- 2 
I 


preſented to this Society, by 


allel to the; e hen And 
juſtment may be. performed in the ſame manner as 
the correſponding; adjuſtment of the fore-horizan= 
glaſs. But the bending | of the index, that follows 
ſetting it off the arch, is a very difagreeable cir- | 
cumſtance, having a tendeney, eſpecially on board of 
ſhip, to expoſe both the index and centre work to | 
damage; and may even, without extraordinary pre- 
cautions taken by the inſtrument n placing; 


. the plane of the index-glaſs ———ů to the, . 


length of the index, diſturb its perpendicularity to, 
— planè of the quadrant: on theſe accounts it would 


| —— better if the back · horixon- 


glaſs could be performed, like thoſe: of the fore · 
hotrizon- glaſs, with the index remaining upon the 
arch of the quadrant. E. Fortunately, this defider atum 
has been lately effected by an ingenious contrivance 
invented by Mr. Dollond, Which be. has given an 
account of in a letter: addreſſed to me x, which I have 
aeans of an additional. 
index applied to the back-horizon-glaſsz./ whereby 
both the adjuſtments may be made hy the ſame ob- 
ſervations and with nearly the ſame exactneſs as thoſe 
of the —— mme of- 
| which, ſee. the account - itſelf. 11 40 nee 74 
- . Beſides the difficulty of adjuſting che 8 
zon-glaſs, the want of a method of directing the, 
line, of fight. Parallel to the plane of the quadrant 
has proved alſo a conſiderable obſtacle to the uſe. 
of the back-obſervation :-. this will eaſily appear 
from the following propoſition, that the error 
ite ro ae aeg from any ſmall de- 


* f *. paper, which immediately precedes * 
A 2 ns viation 


— 


—_— 
n of the viſual ray from a parallekſm to the 
ne of the quadrant, is to twice an arch 80 0% 
—— of the deviation; as the tangent of | 
half the angle ineaſured/bythe q adi 
very nearly. Thus a deviation of e ig the line 
ſight; will produce an error of about 1“ in meaſuring 
an angle of 90, whether by the fore or back je. . 


fervatſon; but the ſame deviation will produce an 


etror of 4 in meaſuring an angle of 1 50, of 6“ in 
taking an angle of 160, and? 127 in taking an angle 
of qo Hence a ' pretty-exact-adjuſtment of the 
line of fight, or axis of the teleſcope, is requiſite in 
meaſuring large angles, ſuch as thoſe are taken by the 
back obſervation: / and therefore a director of the 
t 6iight by no means to be omitted in the co 
; Neuron of —— (as it commonly has been 
Ince Mr. Hadley's time, though recommended by 
him), except à teleſcope be made uſe of, which if 
rightly placed anſwers the ſame purpoſe better, efpe- 
ctally in obſerving the diſtance of the Moon from 
the Sun between the firſt and laſt quarter The 
director of the ſight may be placed exact enough by 
conſtruction; but the "teleſcope cannot, and Mr. 
Hadley, not having been aware of the importance of 
an exact poſition of it, has accordingly given no di- 
rections Ee che placing it. I ſhalb therefore endea- 
vour to ſupply this defect in the following remarks. © 
In the fir ſt place; I would” by all means recommend 
an adjuſting piece to be applied to the teleſcope, 
whereby its axis may be: brought parallel to the 
plane of the quadrant : in the next place, the back - 
horizon-glaſs ought” to be ſilvered im the ſame 
manner as the fore-horizon-glaſs: and thirdly, two... 


thick filver wires ſhould be — within the eye · tube 
| . 


to 


in the focus of the eye-plaſs parallel. to one anothers 
and to the plane of the ini If they were put 
at ſuch a diſtance às to divide” the — of the 
field of view into three equal Parts, it might be as 
convenient as any other — In this manner 
wires were placed in the teleſcope by Mr. Hadley, 
as appears by his account of the inſtrument in 
Philoſ. Tranſ. N* 420. Theſe wires are to be ad- 
eo parallel to the plane of the quadrant, by turn=- 
g the eye - tube found about which contains the 
ps Pay till they appear parallel to the plane of the 
quadrant. The axis of the teleſcope, by which is 
meant the line joining the centre of the object- glaſs 
and the middle point between the two wires, is to he 
adjuſted parallel to the plane of the quadrant by- 
either of the two following methods. 
iſt method. When the diſtance of the Moor: | 
from the Sun is greater than 90 degrees, by giving a 
ſweep with the quadrant and — W bring 
the neareſt limbs te touch one another at the wire 
neareſt the plane of the quadrant. bens the index 
remaining unmoved, make the like obſervation at 
the wire fartheſt frem the plane of the quadrant x 
| and note whether the neareſt limbs are in contact as 
were at the other wire: if they are, the axis of 
the teleſcope is parallel to the plane of the quadrant? 
but if they are not, it is inclined to the ſame, and”: 
muſt be. corrected as follows. If the neareft limbs 
of the Sun and Moon ſeem to lap over one another 
at the wire fartheſt from the plane of the qwadraat, 
the object end of the teleſcope is inclined froim the 
plane of the quadrant; and muſt he altered by the 
eee that e ee bath if che 2 
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A r 
one another at the wire fartheſt from the plane of the 
quadrant, the object end of the teleſcope is inelined 
* towards the plane of the quadrant, and muſt be 

A rn by the adjuſtment accordingly. Le t. theſe, 

„ tions be repeated until the obſervation. is the, 
hes, at both the parallel wires, and the axis. of the 
teleſcope will be adjuſted parallel to the plane of the 
quadrant. In like manner, the axis of the teleſcope 

may be alſo adjuſted parallel to the Ties of, the: 

Waden for the fore - obſer vation. 

Second method. Set the index to (0) and hold the, 
plane of the quadrant parallel to the horizon of the. 
ſea, with the divided arch upwards, the two wires 
being parallel to, and including both the direct fore- 
horizon, and the reflected back - horizon, between 
tbem. Raiſe or lower the plane of the quadrant 

until the direct and reflected horizons coincide to- 
gether: if the coincidence happens in the middle 
between the two wires, or rather, to be more exact, 
above the middle by ſuch a part of the field of view. 
ag anſwers to the number of minutes in the depreſſion 
of-the horizon (which may be cafily eſtimated if the 
angular interval of the wires be firſt found by experi- 
ment, in mander hereafter mentioned) the axis of — 
teleſcope is parallel to the plane of the quadrant ; 
but if it does mot, the line of ſight is inclined to the 
Er eg and muſt be corrected as follows. 
| erectand.refteted; horizons, when they coin- 
ci. gar higher above the middle between the 
-what the quantity of the depteſſion of the 
Herz —— the object end of the teleſcope. i is 
hed; een the plane of the quadrant, and muſts. 
beakaed-by the — made for that * 
e 5 | 
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bat if the two boriz r coincide in a 
lower part of the field of the the object end 
of the teleſcope is inclined towards the plane of the 
Quadrant, and muſt be altered by the ”adjuſtment 

aàccordingly. Repeat theſe operations till the We 
hocizons appear to coneide above the middle between 
the two wires, by the quantity of the depreffion of 


te horizon, and the axis of the teleſcope will be ad- 


juſted parallel to the plane of the quadrant- In 
order to find the angular interval between the wires, 

hold the quadrant perpendicular to the horizon, as 
in obſerving altitudes; and turn about the eye. tube 
with the wires until they are parallel to, and include, 
the ditect fore- horizon and reflected back- horizon 
between them. Move the index from (o along the 
divided arch, at the ſame time raiſing or lowering the 
teleſcope: by the motion of the quadrant until the. 
direct horizon appears to coincide with the upper wire, 
and the reflected back- horizon with the lower wire; 
the number of degrees and minutes ſhewn upon the 
arch, increaſed by double the depreſſion of the hori- 
z0n, will be the angular interval of the wires; its 
proportion to the depreſſion of the horizon will be? 
therefore known; and er the ſpace in the field of 


the teleſcope anfwering to the depreſſion of the hori— 3 


20n, may be eafily eſtimated near enough for adjuſting 
the axis of the teleſcope in the manner beſore- men- 
tioned. The firſt of the two methods here given for 
adjuſting the poſition of the teleſcope wilt probably be- 
found moſt convenient ; and the greater the diſtance: 
of the Sun and Moon is, the more nearly may the 
adjuſtment be made, becauſe the ſame deviation of 
_ axis FOE the ey will cauſe a 3 m— 
'T 


— 


index glaſs then ſtands more oblique with reſpect ta 


\ 


_ - 


(8 . 


The teleſcope ſhould be fred by the inſtrutbent⸗ | 


maker ſo as to command a full field of view when 
the inſtrument is placed at 90 if the inſtrument be 
an octant, or 120% if it be a ſextant; becauſe the 


the incident and reflected rays, and conſequently the 
field of view of the teleſcope, as far as it depends 
upon the index-glaſs, will be more conttacted than 
in any other poſition of the index: but if there is a 
fair field of view in this caſe, there neceſſarily n 
be ſo in every other poſition of the index. 
The two parallel wires will be very uſeful on digi 
occaſions, as well in the fore as the back-obſervation.. 
3 eakite: the altitude of the Sun, Moon, or ſtar, 
direct the ſight towards the part of the horizon 
underneath, or oppoſite to the object, according as 
vou intend to obſerve; by the fore or back — 
vation, and hold the quadrant that the wires may 
conftantly appear perpendicular to the horizon, and 
move the index till you ſee the obſect come down 
towards the horizon in the fore-obſervation, or up to 
it in the back-obſervation, and turn the inſtrument i in 
order to bring the object between the wires; then 
moye the index till the Sun or Moon's: limb, or the 
ſtar touch the horizon. The nearer the object is 
brought to an imaginary line in the middle between. 
the wires (it is indifferent what part of the line it is 
brought to) and the truer the wires are kept petpen- 
dicular to the horizon, the more exact will the 12" 
ſervation be. - In the fore-obſervation, the object ap- 
pears in its real poſition ; but in the back-obſervation, . 
the object being brought through the zenith to the 
| Horizon, the real upper-limb will appear the VR. 2 


* 


- pts. git 1 ad. | 
| ad "Ih 2 Either limb of Fe Sd may be he 
_ uſed in either obſervation; but it will be moſt con- 


venient in general to make the Sun appear againſt 
the- ſky, and not againſt the ſea; and then the ob» 


Fas appearing inverted through the teleſcape, the 
Sun will appear loweſt, and the horizon Mabel. 
The obſerved altitude is to be corrected for ap, re- 
fraction, and Sun's ſemi- diameter, as uſual. ; 
In taking the diſtance of the neareſt limbs of he 

Sun and Moon, whether by the fore or back-obſere 
vation, having firſt ſet the index to the diſtance 


nearly, by pow help. of the Nautical Almanac, and . 


brought the Moon to appear anywhere on or near 
the diameter of the field of view of the teleſcope, 
which biſects the interval between the wires, give a 
ſweep with the quadrant, and the Sun and Moon 
will paſs by one another; if in this motion the 
neareſt limbs, at their neareſt approach, juſt come 
to touch one another, without lapping over, on or 
near any part of the diameter of the field of the te- 
leſcope which biſects the interval between the wires, 
the index is rightly ſet; but if the neareſt limbs 
either do not come to meet, or lap over one another, 
alter the index, and repeat the obſervation till the- 
neareſt: limbs come to touch one another properly, 
This method of obſerving will be found much mote 
eaſy and expeditious than without the wires, „ 
in Hat caſe it would be neceſſary to make the limbs 
touch very near the centre of the teleſcope, but here 
it is only. neceſſary to make them do ſo anywhere on 
or near the 7 5 8 of the field of the teleſcope | 
which biſects the interval between the two wires. 


. The 


— 
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The fame * may 1. uſed in taking the | 
Moon's diſtance: from a fixed ſtar. + 

It may not be amiſs here to make ſome. remarks 

on the rules that have been uſually given for ob- 
2 the Sun's altitude; both with the fore and 
back-obſervation; which have all been defective, and 
to point out the proper directions to be followed, 
when. a, teleſcope. is not uſed with two parallel wires 
to direct the quadrant perpendicular to the horizon, 
and to ſhew the ee on which theſe directions 
are founded. 

Obſervers are & commonly told, that in non: the | 
fore obſervation they ſhould move the index to 
bring the Sun down to the part of the horizon di- 
rectly. beneath him, and turn the quadrant about 
upon the axis of viſion; and when the Sun touches the 
horizon at the loweſt part of the arch deſcribed by him 
the quadrant will ſhew the altitude above the viſible 
horizon. I allow that this rule would be true, if a 

rſon could by fight certainly know the part of the 
5 exactly beneath the Sun; but, as this is im- 

poſſible, the precept is incomplete. Moreover, in 
ing the Sun's altitude in or near the zenith, this 
rule entirely fails, and the beſt obſervers adviſe to hold 


the quadrant vertical; and turn one's ſelf abont upon 


the heel, ſtopping when the Sun glides along the 
horizon without cutting it: and it is certain that this 
is a good rule in this caſe, and capable with care of 
anſwering the intended purpoſe. We have thus two. 
rules for the ſame thing, which is a proof that nei- 
ther of them is an univerſa one, or lufficient in all 3 

eilen. i His e 3 WD . 
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Tal. 


la taking che back · obſervation, obſeryers have wa 


adviſed either to turn the quadrant about upon the axis 
of viſion, or, holding the quadrant upri ht, toturnthem- 
= ſelves about upon the heel, indifferently The true ſtat 
of the caſe is this; that, in taking 92 Sun's altitude, 


Whether by the fore or back-obſervation, theſe two 


methods muſt be combined together; that is to ſay, the 


| obſerver muſt turn the quadrant about upon the axis . 


of viſion, and at the ſame time tufn himſelf. about 
upon his heel, fo as to keep the Sun always in that 
part of the horizon- -glaſs which is at the ſame diſtance 
as the eye from the plane of the quadrant : : for, un- 
leſs the caution of obſerving the objects in the proper 
2 of the horizon- glaſs be attended to, it is evident 


e angles meaſured cannot be true ones. In this 


way the reflected Sun will deſcribe an arch of 32 
parallel circle | round the true Sun, whoſe | convex ſide 


will be downwards in thefore-obſervation, and upwards 


in the back-obſervation, and conſequently, when, by 


moving the index, the loweſt point of the arch in 
the fore-obſervation, or the uppermoſt point of the 


arch in the back-obſervation, is made to touch the 


horizon, the quadrant will ſtand in a vertical plane, 


and the altitude above the viſible horizon will be 
| properly obſerved. 


The reaſon of theſe operations may be thus ext | 
_ the image of the Sun being always kept! in 

the axis of viſion, the index will always ſhew on the 
kae the diſtance between the Sun and any object 
en . which its image appears to tonch; there- 
as long as the index remains  unmoved, the 
ö * of the Sun will deſeribe an arch everywhere 


18 from the Sun in the heavens, and conſe- 


— 


—— 
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the eye to 


— 


above: mentioned, ſo as to Keep the Sun's image al 


9 
1 121 


1 


&ileritly a parallel circle about the, Sun, as 3 pole; 
eh a tranſlation of the Sun's image can only be pro- 


Auced by the quadrant being turned about upon a 
line drawn from the eye to the Sun, as an axis; a 
motion of rotation upon this line may be reſolyed into 
two, one upon the axis of yiſion, and the other upon 
a line on the quadrant perpendicular to the axis of 
vifion ; and confequently a proper combination of 
theſe two motions will keep the image of the Sun 
conftantly-in the axis of viſion, and cauſe both joint: 
ly to run over a parallel circle about the Sun in the 
heavens; but when the quadrant is vertical a line 
thereon perpendicular to the axis of vilion becomes 


= 


a vertical axis; and, as a ſmall motion of the quadrant = 
is all that is wanted, it will never differ much if 


* 
* 


ractice from a vertical axis; therefore the obſerver, 
by properly combining and proportioning to mo- 
tions, one of the quadrant upon the axis of viſion, 
and che other of himſelf upon his heel, keeping him- 
felf "upright -C which. gives the quadrant & mation 
upon 4 vertical axis) Will cauſe the image of the 


"Sun to deſcribe a fall arch of a parallel circle 


about the Sun in the "heavens, without deparung 
conliderably from the axis of viſion. 


% 


It it ſhould be aſked, why the obſerver. ſhould be 
directed to perform two motions ' rather than the 
fingle one equivalent to them on a line drawn, from, 
the Sun as an axis? I anſwer, that we. 
are not capable, while looking towards the horizon, 
of judging how to turn the quadrant about upon the. 
elevated line going to' the Sun as an axis, by any. 
other 'means than by combining the two mations 


— 


ways. 


5 133 "FO 
Ways in the proper part of the forigon-glaG, When 
the Sun is near the horizon, the line going from the 
eye to the Sun will not be far remov from the axis 
ol viſion; and conſequently the Wee motion of 
the quadrant will be performed on the axis of viſion, 
aul the part of the motion made on the vertical axis 
wil be bot ſmall. On the contrary, when the Sun 
is near the zenith, the line going to the Sun is not 
far removed from a vertical line, and conſequently 
the principal. motion of the quadrant will Be per- 
formed on a vertical axis, by the obſerver's tärning 
himſelf about, and the part of the motion made on 
the axis of vifion will be but ſmall. In intermediate 
wucken of the Sun, the motions of the quadrant 
the axis of vifion and on a vertical axis will be 
more equality divided. Hence appears the reaſon 
of the method uſed by the beſt obſervers in taking 
the Sun's altitude when near the zenith by holding PP 
the quadrant vertical and turning about upon the | | 
heel, and the defects of the rules that have been 
| edmmoulgiten fo obſerving altitudes in other cakes. 
e it may conduce to the ſetting this matter in 
a till clearer light, I ſhall here deſcribe in order | 
the ſeveral motions that will be given to the reflected 4 
image. by turning the quadrant about upon the 
axis of viſion, a vertical axis, or the line drawn from 
* . ta the Sun, I, 


kt 17 the quadrant. is turned abe upon the 
axis of viſion, the ſame being directed to the 
t of the horizon exactly beneath or oppo- 
858 the Sun, the image of the Sun will move 
TORE right to left, or from left 't to right, acroſs 


112 ; 5 | E the 


. 1 5 

. 5 me an the ſame way as the arch of 

*D the quadrant is carried; both in the fore and 

| back - obſervations, with a velocity which'isto the 

5 angular velocity of the quadrant as the ſme of the 
: E 158 N s altitude to the radius, deſeribing an arch | 
FRE .. convex downwards in both caſes; and when the 
motion of the Sun in this arch is parallel to the 
huoorizon, the quadrant i is held truely perpendicular 
do the horizon, and conſequently in a 8 
8 poſition for taking the Sun's altitude. But, if 
the axis of viſion be directed to, and turned 
round a point in the horizon beſide: the vertical 
5 _ - +, enclepaſling through the Sun, the Sun's image, 

5 | When its motion is parallel to the horizon, will 

| be neither in the axis of viſion nor the Sun's. 

: pertical, but between bath; at the ſame time, 

- the plane of the quadrant will nüt r vertical, 

and the altitude found by bringing the Sun's 
image to touch the horizon will not be rig true 
altitude. 

n. If the quadrant be held cotpenticathes to the 
. and turned about upon a vertical axis, or 
one neatly ſo, the zun will deſcribe an arch con- 
vex downwards in the fore - Gbſervation, and up- 
Wards in the back obſervation, the motion of the 
8 being the fame way as the axis of viſion: is 
Carried in both caſes, and being to the angular 
motion of the quadrant, as the verſe-ſine of the 
Sun's altitude to the radius in the fore- obſerva- 
tion, but as the verſe- ſine of the ſupplenient of 
liesen, altitude to 1800 to the radius in the 
back-obſervation. The Sun therefore will move 
flower than che axis of viſion is the fore: obſer- 


"Ow" and eanſequetly.: will be left OY j 
wit 


4 
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Pik reſpect £ alle: axis of viſion, or. dn, 
to move backwards ; and the Sun will move _ 
> bier than the axis of | viſion in the back= 
| obſervation, or will ſeem to get before it. When 
ger the motion of the Sun in this arch is parallel 
212% tothe horizon, the plane of thequadfrant'coin- 
© cides with the vertical circle paſſing through | the 
| "blu Sun, and conſequently the quadrant is in a pro- 
| 72 Par poſition for raking the Sun's altitude. But 
ff the quadrant be held a little deviating from 
. perpendicular poſition to the horizon, and 
turned about upon an axis, either vertical or only 
 hearly fo, the arch deſcribed by the Sun ap- 
rently will cut the horizon, but will never 
move parallel to it, and conſequently the quadrant. 
will not be brought into a Reaper. e for 
obſerving the Sun's altitude. 
nl. If the quadrant be turned on the line going 
to the Sun as an axis, the reflected Sun will be 
"Rog conſtantly in the axis of viſion, and will 
deſcribe an arch of a parallel circle about the 
motion of the quadrant, as the fine of the Sun's 
altitude is to the radius; and when the motion 
of the reflected Sun is parallel o the th 2 
the quadrant i is vertical. FT 


Hewes naturally ariſe the 1 methode of 2. 
an altitude, which have been mentioned before. In 
the firſt, the axis of viſion is ſuppoſed always directed 
to one and the ſame part of the horizon, namely 
that which is in the Sun's vertical. In the fecond. 
the obſerver is required to hold the quadrant truly * 
: vertical, * to turn himſelf u Hon a vertical axis; 
but 


real Sun, with a velocity which is to the angular 


but it is evident neither of theſe motions can be ac- 
 Eurately performed, In the third method, the ob- 
ſerver is only required to move both himſelf and the 
quadrant, ſo as to keep the Sun always in or near 
the axis of vilion, which may be. performed, very 
well, becauſe the axis of viſion is a viſtble and cer- 
tain direction for it. One exception, however, ſhould 
be made to this general rule, namely, in taking the 
Sun's altitude when very low, by the back obſer- 
vation; in which cale it will be beſt to uſe the fecond 
method, or elſe to hold the quadrant perpendicular 
by judgment; which will be much facilitated by 
ulmg a teleſcope containing wires. in its focus parallel 
to the plane of the quadrant, as deſcribed in p. 106: 
for, in this caſe, the perpendicular poſition of the 
quadrant cannot be attained fo near by the method of 
turning the quadrant on a line going, to the Sun as 
an axis, as it can by the other methoGG. . 
It remains to treat of the errors which may ariſe 
from a defect of paralleliſm in the two ſurfaces of 
the index-glaſs, and to point out the means of ob- 
viating them in the celeſtial obſervations. It is well 
known, that if a pencil of parallel rays falls upon a 
glaſs whole two ſurfaces are inclined to one another, 
ahd ſome of the rays are reflected at the fore-ſarface, 
and others paſſing into the glaſs and ſuffefing a re- 
flection at the - back-ſurface and two refractions at 
the fore- ſurface emerge again from the glaſs, theſe 
latter Tays will not be parallel to thoſe reflected at the 
fore-ſurface, as they would have been if the ſurfaces 
of the glaſs had been parallel, but will be inclined to 
the ſame, 1 find that the angle of their mutual in- 
clination, which may be called the. deviation of the 
„ N 8 


rays reflected from the back - ſurface, will be to 
double: the inclination of the ſurfaces of the glaſs 
Which is here ſuppoſed to be but ſmall), as the tan- 
gent of the angle of incidence out of air into glaſs, 
s to the tangent of the angle of refra&ion., Hence, 
in rays falling near the perpendicular, the deviation: 
wlll be about three times the inclination of the, 
farfaces; and if the angles of incidence be 50?, 
60% 705, 80. or 857, the deviations of the teflected 
rays will be about 4, 5. g 26 times the ineli⸗ 
nation of the ſurfaces; reſpectively. Had the devi- 
ation been the fame at all incidences of the rays, on 
the index-glaſs, no error would have been produced 
in the obſet vation; becauſe the courſe of the ray 
would have been equally affected in the adjnſtment 
_ of the inſtrument, as in the obſervation. | But, from 
what: has been: juſt laid "down; this is fas from being 
the caſe, the deviation increaſing: acvording to the 
obliquity with Which the rays! fall: upon the; index+ 
glaſs; ſo that in very oblique ineidences of the rays, 
ſuch as happen in meaſuring a large angſe by the 
fore obſetvation or à ſmall — by the back-obſer- 
vation; the leaſt defect in the paralleliſm of the planes 
of the twourfaces of the index-glaſs I vic w6r4 
a ſenſible error in the obſervation. - .,* 15 
What is here faid only takes place ho the fulleſt 
extent, if the thickeſt or: 7. edge of the index 
glaſs; or, to expreſs. the thing in other words, 
e common — of the planes — the ſurſaces of 
the index-glaſs ftands perpendicular to the plane of 
2 but, if the common ſection of the 
pan is inclined to the: plane of the quadrant, the 
cede 'wriſing e ors paralleliſm of the 
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Ratet wat his Jefſened i in the nen 0 the 
_ fine of the inclination to the radius; fo that at laſt,, 
when the common ſection becomes parallel to the. 
plane of the quadrant, the error intirely vaniſhes.. 
For this reaſon, Mr. Hadley very properly directed the 
thiekeſt and thinneſt edges of the index-glaſs to be 
placed parallel to the plane of the quadrant. Bat, as it 
may well be queſtioned: whether this care is always 
taken by the inſtrument-maker, and it cannot be ſup- 
pooſed that the glaſſes can be ground perfect parallel 

Planes, it would certainly be an advantage acquired to 
-the inſtrument, could the error ariſing from a want of 
Patalleliſm of: the planes. be removed in -N 
Poſition the common ſection of the planes ſhould be 
placed with reſpect to the plane of. the quadrant. 
Fe will be effected for celeſtial obſervations, if the 
upper part of 5 rages be left unſilvered on the 
back; and made rough and blacked; the lower part 
of the glas . ſivered as uſual, vchich muſt be 
covered wheney! any celeſtial berni are made. 
Then, if the teleſobpe be ſufficiently raiſed above 
_ the plane of the quadrant, it is event that the ob- 
{ervations will be made by the rays reflected from 
the fore-ſurface-of the upper. part of the index-glaſa 
and conſequently,” if the quadrant be adjuſted by 
2 making uſe of the ſame part of the — the 
obſervations will be true whether: the two ſurfaces 

= the index-glaſs are parallel planes or not. The 
San or Moon may be thus obſerved by reflection 
from the Unſilvered parts of the index: glaſs and ho- 
*rizon-glaſs,” ſo that a paler darkening cla: will ſuf- 
fice, and they will appear much diſtincter than from 
an index-glaſs wholly filvered with a deeper darken- 


1 

ing glass; ; for although. the ſurfaces of a glaſs may 
be parallel, yet there always ariſes ſome little con- 
fuſion from the double reflection- Neither will 
the Moon appear too weak by two unſilvered te- 
flections, even when her creſcent is very ſmall, 


except ſhe ſhould be hazy or clouded ; and then 


the light may be increaſed by lowering the te- 
leſcope ſo as to take in part of the ſilvered re- 
flection of the index-glaſs, which in this caſe 
muſt be uncovered : the ſame is alſo to be under- 
| ſtood. with reſpect to the Sun, ſhould his light be 
too much weakened by hazineſs or thin clouds. 
The horizon- glaſſes ſhould be adjuſted, or the error 
of adjuſtment found by the Sun or Moon; the firſt 
will be in general the beſt object for the purpoſe; 
and, as the Sun or Moon ſeen directly re gh the 
_ unfilvered part of the horiaon- glaſs will be much 
brighter than the image of the ſame ſeen by two 
unſilvered reflections, it muſt be weakened by a dar- 
kening glaſs placed beyond the horizon-glaſs, the 
reflected image being farther weakened, if neceſſary, 
by a paler darkening glaſs placed in the uſual man- 
ner between the index-glaſs and the hocizon-glaſs. 
If a quadrant was defigned principally for taking 


1 the diſtance of the Moon from the Sun and fixed ſtars, 


and was not wante 1 for obſerving terreſtrial angles, 
it would be the beſt way to have none of the glaſſes 
| filvered, but to leave the horizon glaſſes intirely tranſ- 
Þ parent, and to put a red glaſs for an index-glaſs of 
the ſame matter with the darkening glaſſes, which 
would reflect light from the fore- ſurface only, 
Ihe Sun's altitude might alſo be obſerved with this 
inſtrument, * by N or back- n 
3 . and 
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295 11 that, teleſcope has. 2 Beg cid 585 cg, the 
tt aperture of Voths of, an inch will be moſt 45 


venient; 3 but if it has an achromatic Pg 
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„la whole! ge by 5 ing twe eye: aſſes — 
- cheleſeope.> I 15 1905 1 le TED de- 
termined as . ee to; 15 obliquity. with 
which the rays fall on chem and, he AFFTUUE © of. we 
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Hofzohglaß b y.the objett intended, 10 be taken as 
1? the» e e and, the ag e, esse "by the 
.:fore-obſervation' on the. arch of The drant between 
cf [his object and any other o Bee ſeen Uh reflection will 

be che true, angle between them as ken, 1 E 
Centre of the, ed Bab, in d Ari 
eIIOSTIED 3 
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[ 1 =] 
already well adjuſted by a diſtant object, and you * 
not chuſe to alter it by adjuſting it by a near one, 
move the index, and · bring the image of the near 
direct object to coincide with the — ſeen directly, 


and the number of minutes by which (0) 'of the 


dadex ſtands to the right hand of (g) of the quadrant 
upon the arch of the exceſs 4s the correction, which 
addett to che angle meaſured bythe arch of the qua- 
. Jrant, between this direct object and any other object 
a __ Teen, by reflection will give the true angular diſtance 
teen em Wu "to/the contre 1 T 
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"To ogg the angular d diſtance Wesen eon near jets 
10 000 55 ; by” the beckoblcryation. 5 AG 
ks ſel” BY theorize eus is waly 
AS ; "If it 3s is not, let it be 515 Ohſerve the 

Aiſtance of the objects by the back obſervation, and 

take the hae rae vf the degrees and minutes 
ſtanding upon the arch to 1 80 degrees, which call 
"the inſtrumental angular diſtance of the objects; this 

"js to be corretted as follows. Keep the centre of the 
quadrant or index-glaſs in the fame place as it had in 
the foregoing obſervation, and obſerve the diſtance 
_ "between the near object, which has been juſt taken 
as the direct object, and ſome diſtant objeR, twice; 
cy making both to be the direct and reflected 
4 ßes alternately, holding the divided arch upwards in 

one caſe and downwards in the other, ſtill preſerving 

"the place of the centre of the quadrant. The 

difference of, theſe two obſervations will be the cor- 


. =eQion, — ol" Wren angular 
N — 


| affine) Wes 0 Ache obſervation be-. 

l tween the firſt object and any other object ſeen by, | 
reflection, will give the true angulardiſtance rc 
them reduced ts thecentre-of theindax-glakk. ,; 

Hut if you ſhould happen to be ina place 3 

vou cannot command a convenient ae * * | 

following method WF rn wad oa 


1 


o be e — the +: | 
5 Be Work Set up . mark at any convenient 
diſtance oppoſite or nearly ſo; to the object which 
Has been taken as the direct object; and looking at 
ite direct object move! che index of the: quadrant, 
and bring the image of thei marke. to coincide with 
time "direct object, and read off the degrees and 
minutes ſtanding on the arch: of the quadrant, which 
fubtract from 180 degrees, if (O) of the index falls 
upon the quadrantal arch . but add to 1 80 degrees, if 
it falls vpon the areh of exceſs; and you will have the 
inſtrumental angular diſtance of the peeve pou _ 
Tnvert the plane of the quadrant, taking care at the 
ſame time not to change the place af it centre, and 
looking at the ſame direct object as before, moye the - 
index of the quadrant, and bring the image of the 
; mark to coincide apain with the ditect obhect, and 
read off the degrees and minutes: ſtanding on the arch, 
and thence alſo find the inſtrumental angular diſtance - 
of the object and mark. Take the ſum, of this and the - 
former inftrumental angular diſtance; half of its differ- 
ence from 360* will be the dreftion. which added 
to the inſtrumental angular diſtance firſt found be- 
: recen the ſame direct object and the other oe ſeen 
| py 
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ten ive he true angular diſtance 2 | 
Cys chem 'r reduced to the. centre of the inder, 

Nad 9202712 15 Unas aun 5) © 

ei is to lie-obferee, that af the ak 1 p 
at the ſame diſtance from the quadrant as the 1 5 
object is, there will be no oocaſion to invert the plane 
of the quadrant, but the obſerver need only make the 

image" 'bf the mark coincide Fin N HEE Alito 
then” turn Hmſelf half 
mark for 1 


= Aſs ame 9 _— 
f the ſum of che toro mad Spbey roam 
deggers WII be the amr opens ah m 
as before. FUE * 
Should only one of de: kinds. be near, 
other temote (that is to ſay; half a mile 1 | 
more) let the diſtant objet᷑t be rtaken for the dir 8 
one, and the near object for the reflected one; and 
the true diſtance of the objects as ſeen . from the 
centre of the index · glaſs will be obtained without 
requiring any correction, whether it be the EE or 
fore (obſervation that is made uſe of; only obſerving, 
as "uſual, to take the ſupplement of what is ſhewn 
upon mae arch to „ mg in 0 ere 
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